U. S. NAVAL.TECHNICAL MISSION TO JAPAN 
CARE OF FLEET POST OFFICE 
SAN FRANCISCO, CALIFORNIA 


hey G64 60S oO 


7 March 1946 


Chief, Naval Technical Mission to Japan. 
Chief of Naval Operations. 


Supject: Target Report - Japanese Torpedoes and Tubes, Article 2 - 
Aircraft Torpedoes. 


Reference: (a) "Intelligence Targets Japan" (DNI) of 4 Sept. 1945. 


1. Subject report, dealing with Target O-Ol of Fascicle 0-1 
of reference (a), is submitted herewith. 


2. The investigation of the target and the target report 
were accomplished by Lieut. RH. R. Morin, USNR, with the assistance 
of Lieut. H. DeLacy, RNVR, with the advice of Comdr. C. F. Edwards, 


RNVR. 
C. G. GRIMES 
Captain, USN 


s oetatd. ps 


fray 32 te AbF py 
ASAE far yy iat he 19 Lo VAR 





JAPANESE TORPEDOES AND TUBES 
ARTICLE 2 
AIRCRAFT TORPEDOES 


PY 
SS 


* f Ji Ss 
vy " Ne 


“INTELLIGENCE TARGETS JAPAN” (DNI) OF 4 SEPT. 1945 
FASCICLE O-1, TARGET O-01 


MARCH 1946 


U.S. NAVAL TECHNICAL MISSION TO JAPAN 


4 





ORDNANCE TARGETS 


JAPANESE TORPEDOES AND TUBES 
ARTICLE 2 - AIRCRAFT TORPEDOES 


'. All research on aircraft torpedoes was conducted at the First Naval 
Technical Arsenal, KANAZAWA, Japan. The main plant concerned with production 
was the Kure Naval Arsenal. : 


There were no remarkable features about the aircraft torpadees in 
operational use during the war, with the exception of the anti-roll stabi-~ 
lizers. The Japanese considered this innovation of great importance in 
improving torpedo performance. 


Wooden tail frames, similar to those used on U.S. aircraft torpedoes, 
were used for air stabilization. 5 


The launching speeds and altitudes varied from 200 to 250 knots and 


from 50 to 1000 feet. 


Type 91, Wodifications 1 to 7, carrying explosive charges of 330 to 
925 pounds, were uséa throughout the war, but an improved Type 4 aircraft 


torpedo was introduced in 1944. All torpedoes had a speed of 42 knots with 
“ranges of 1600 to 2200 yards. 


The Japanese experimented with rocket and jet-propelled torpedoes, 
but without success. Many experiments were made with gliding torpedo bombs 
and with anti-submarine circling torpedoes with a moderate degree of success, 
but none was used in service. ? 


In 1934 the Type 94 oxygen aircraft torpedo was developed, but the 
use of oxygen was troublesome and dangerous, and there was no need Tor long 
range, so it was abondoned soon afterwards. : 


The Japanese considered their aircraft torpedoes very dependable. 
The chief iifficulty was in mass production, which was never really attained. 
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INTRODUCTION 


Information for this report was obtained in a series of interviews 
with responsible personnel connected with the development of aircraft torpe- 
does. The report presents as much data as could be obtained about aircraft 
torpedoes which were in operational use, and those in the experimental stages. 
The report as a whole endeavors to show the path along which Japanese aircraft 
torpedo development was progressing. It is to be noted that this report 
covers only aircraft torpedoes, information on other types being contained in 


NavTechdap Report, "Japanese Torpedoes and Tubes, Article 1, Ship and Kaiten 
Torpedoes", Index No. O-Ol1-1. 
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THE REPORT 


Part I 
GENERAL INFORMATION ON JAPANH#SE AIRCRAFT TORPEDO “S 
ee ER A PORP EDO US 


The First Naval Technical Arsenal near ‘SOKOSUKA, Japan was the only research 
establishment concerned with aircraft torpedoes. Specifications for new 
designs (speed, range, weight of explosive, etc.) were supplied by the Naval 
Ministry, Aircraft Technical Division in TOKYO. Kure Naval Arsenal was she 
main plant concerned with production, but lesser plants manufacturing iiffer- 
ent components of the torpedo were located all over Japan. Enclosure (A) 
lists the production and cost figures for all aircraft torpedoes from 1921 to 
1945 e = 


The sea acceptance tests were made on the SHARU SHIMA range just off YOROSUK:.. 
All the torpedoes were fired from a rack, which was lowered into the water, 
and run down the raneze under small barges which were anchored at intervals, 

No hydrophones were used on the range. The speed was measurea by timing the 
first bubbles to appear on the surface at the starting point and at cach test 
barge along the range. The recorder in the exercise head also registersd the 
torpedo's speed as the difference between the velocity head an: the static 
head. Depth was measured by recorder only. No nets were used on the range. 
All exercise heads and recorders are discussed in detail in NavTechJap Report, 
"Japanese Torpedoes and Tubes, Article 1 - Ship and Kaiten Torpedoes", Index 
No. 0-Ol1-1. 


Japanese aircraft torpedoes were not designed to meet reyuiremenvs of specific 
airplanes but instead, the aircraft were modified to suit the torpedo. 


The maximum and minimum altitudes for dropping torpedoes were approximately 
1000 feet and 40 feet. “All the latest type torpedoes were designed for a 
water-entry speed of 400 knots. Depth of dive was never specified, but in 
practice, shallow water shooting in a depth of 40 feet was satisfactory. For 
shallow initial dives an altitude of 100 feet, with an air speed or 140 knots, 
was used most often. The wooden tail frames used for air stabilization are 
described in Dart II of this report. The maximum conditions under which a 
torpedo could be launched without structural failure, were 1000 feet at 250 
knots, but the Japanese considered 330 feet and 180 knots as the best combina- 
tion for a desired entry angle of 17-200, 


To.prevent damage to the warhead on impact with the water, a rubber sheath, 
approximately 0.4 inches thick, was used to cover about 2h inches of the nuse 
of the torpedo. This cover would shatter into small fragments when it hit 
the water. 


A length to diameter ratio of 11 or 12 was found by the Japanese to be most 
satisfactory. They considered the U.S. aircraft torpedoes too short for a 
good underwater trajectory. 


Rear Admiral NARUSE stated that many U.S. Mark 13 type torpedoes were sent to 
the First Naval Technical Arsenal for Study. Some of them were eyuicped with 
shroud rings but he did not know where, or under what circumstances they were 
recovered. He claimed to have tried the shroud ring on Japanese aircraft 
torpedoes about ten years ago, but didn't like it because of the increased 
resistance, and interference with the propellers. 


Model experiments were carried out at the First Naval Technical arsenal in a 
large water tunnel, and with a catapult and water tank, “hese are discussed 
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in NavTechdap Report, “Japanese Ordnance Research, Article 3 - Torpedo Models", 
Index No. 0-39-3. 


Eight tail fins were tried on some of the Type 91 torpedoes, but experiments 
showed that recovery from the initial dive was too slow. The eight-fin 
torpedo exhibited steadier water travel characteristics than the four-fin 
torpedo, but it took 8G0 yards to reach a steady depth level. The four-fin 
torpedo took only 380 yards to assume its proper depth level. As a result of 
the experiments, eight fins were abandoned for aircraft torpedoes. 


The Japanese considered the small anti-roll flippers on each side of the 
torpedo as one of the most important features. The use of these roll stabi- 
lizers enabled them to carry a full charge of explosive in the warhead, and 
they also were responsible for eliminating the hook when the torpedo entered 
the water. The anti-roll stabilizers are discussed more completely in Part 
II of this report. 


In 1941 some experiments were made with a jet-propelled torpedo, and in 19L4 
with a rocket torpedo. From 1943 to the end of the war the Japanese experi- 
mented with "HIRAI" gliding torpedo bombs. All these experimental torpedoes 
are covered in detail in Part III of this report. 


In 1944 experiments were made in an effort to develop an airdraft torpedo 
using hydrogen peroxide with hydrazine hydrate and kerosene. They were 
discontinued after a few months because of difficulties encountered in the 
handling of hydrogen peroxide. 


Two-stage reducers were used in all the Type 91 torpedoes because they 
produced a very stable reduced air pressure. They were complicated and diffi- 
cult to manufacture, so a one-stage reducer was used in the Type 4, torpedo. 
This was considered satisfactory and much simpler to produce than the two- 
stage type. 


The great shortage of copper in Japan necessitated the replacement of all 
possible bronze parts with steel. This resulted in much ditficulty with over- 
haul and preservation of torpedoes, which were stored for long periods of time. 


From the end of 1944 until April 1945, about 200 Type 4 torpedoes were pro- 
duced. They were practically the same as the Type 91 torpedoes, but were 
stronger and simplified in design for ease in production and handling. No 
information was obtained on service results. 


The weak points of the torpedo at water entry are in the warhead joint, and in 
the shell or the engine room and buoyancy chamber. When the entrance angle is 
too low due to high speed and low altitude, the torpedo skips and buckles in 
the vicinity of the buoyancy chamber. 


Many experiments were made with net cutters on the nose of torpedoes, but were 
unsuccessful because of rudder disturbance caused by excessive cavitation from 
the net cutters. 


No figure-run devices were used on aircraft torpedoes. 


Only the main. parts of the torpedo, such as the air vessel, afterbody, and 
tail section were interchangeable. The warheads were not interchangeable 
with different modifications of aircraft torpedoes. The heaviest types were 
ufed in land-based torpedo planes and the lightest ones in carrier-based 
aircraft. 


Cold weather experiments were conducted in Hokkaido and northern Korea. The 
main problem was lubricating oil, but a special oil developed at the First 
Naval Fuel Depot at OFUNA, performed satisfactorily. The tests consisted of 
taking the torpedo up.to an altitude of 13,000 feet then descending quickly 
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and launching the torpedo. 


Hot weather experiments were made in the vicinity of Singapore. Rust and 
storage problems were investigated. It was found that without &@ thick coating 
of grease, rust formed within two hours after the torpedo was exposed to the 
tropical atmosphere, Painted warheads were left exposed in the sun and 
atmosphere for a period of one year and were still in satisiactory condition 
after that time. 


Rear Admiral NARUSE Stated that seven Type 91, Lodifications 
does sank HMS PRINCE oF WALES, and seventeen of the s 

tions sank Hus REPULSE. This wag the only in 

Tesuits of Japanese aircraft torpedoes, 


gn of torpedo and 
The type number refers 
Thus, Type 91 refers to the 


The term MODIFICATION is added whenever the Size of warhead is changed. 
minor detalis of £ € torpedo may also be modified, but the main differences 
between Type 91, Modifications 1, 2, ana 3, are in warhead sizes. 

and modification numbers apply to the whole torpedo incluaing the w 


When Type 91, Modification 3, was Strengthened to allow a higher launchin;- 
“speed, the term IMPROVED was added, 


Still further s 
IMPROVED. : 3 Type 91, Modifice- 
on 3, STRONG, » Modifications 3, 4, 

and 7 (strong) are 


nated as the Type 4 aircraft torpedo, 


used in connection with aircraft torpedoes, ana 
Oo the method of propulsion, 


liodel 1 - Ordinary type of aircraft torpedo 
Models 2.3 - Jet-propelled torpedoes : 
Models 4-8 ~ Bomb-tonpedoes with no propulsion 


Both the terns MARK and TYP are used in designating warheads, Therefore, it 
is important to note that warheads Mark 4 and Type 4 are distinctly different, 


The Japanese admit their system of classifying torped pedo compon- 
ents is confusing, even to themselves, For example, the Type 4 aircraft 
torpedo igs Sometimes designated as the Type 4, Model 1, Mark 2 torpedo. 
really only a Type 4 torpedo with a Mark 2 warhead. 


Part II 


‘JAPANESE ATRCRAPD TORPEDOES IN OPERATIONAL USE DURING WORLD WAR II 
A. Principal Differences in Japanése Aircrart Torpedoes 


The following is a list of all the types and modifications of aircrart torpe- 
does which were in operational use, with the year they appeared and the princi- 
pal changes made over the preceding type. A complete list of Particulars ig 
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given in Tables I through XI. 


1. Type 91. Modification 2 (1941) 


Explosive charge increased from 330 to 450 lbs. 
Thickness of air vessel reduced from 7.0mm to 6.1mo. 
Anti-roll stabilizers first adopted. 


Type 91 Modification 3 (1942) 


Explosive charge increased to 528 lbs. 
Thickness of air vessel increased to 2mn. 

Air vessel charging pressure increased to 180 kg/om* (2560 psi). 
Hight tail fins tried on some. 

Bronze parts replaced with steel where possible. 

Pendulum weight increased from 11.6 to 13.9 lbs. 


Type 91 Modification 3 (Improved) (1943) 
Top side afterbody and engine room strengthened with longitu- 


dinal’ T-shaped bars. 
Meximum launching speed increased to 300 knots. 


Type 91 Modification 3 (Strong) (1944) 


Top side of afterbody strengthened with I-shaped bars instead 
of T - shaped bars. 

Underside of warhead nose strengthened with I - shaped bars. 

Maximum launching speed increased to 350 knots. 

Thickness of air vessel decreased from 7.0mm to 6. -1gn. 

Air vessel charging pressure decreased to 160 kg/cm* (2280 psi). 


Range decreased to 1500 meters (1640 yards). 


Type 91 Modification 4 (Strong) (1944) 


Explosive charge increased to 675 lbs. 


Type 91 Modification 7 (Strong) (1944) 


Explosive charge increased to 920 lbs. 


Types 4& (April 1945) 


Further strengthening. 

Maximum launching spedd increased to 400 knots. 

Weight of pendulum increased from 13.0 to 16.5 lbs. 

Effective area of diaphragm increased. 

Servomotor for horizontal rudder mounted under depth gear for 
ease in removing. 

One-stage reducer instead of two-stage. 

Improved type of free-wheeling for propellers. 

Oil distributor removed. Direct pipe leads with nozzles used 
instead. 

Horizontal rudders strenzthened. 

Same type gyro used for steering and anti-roll stabilizers. 

All possible parts simplified in design for maximum production. 

All phosphor-bronze parts changed to steel wherever possible. 


B. Air Vessel 
The air vessel is a forged steel cylinder with the after bulkhead formed as 


part of the original forging. The forward bulkhead is removable and held in 
place by eight bolts. A fish paper gasket is used inthe joint, and high 
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Table IT 


JAPANESE AIRCRAFT TORPEDOES 
Air Vessel 


) Type 91 
Modif,. 


Table TIT 
JAPANESE AIRCRAFT TORPEDOES 
Liquid Capacities 


Type 91 Type 4 
Units Modif. 


Vol. of oi1 =| pints | 6.75 


Table IV 
JAPANESE AIRCRAFT TORPEDOES 
Reducer 


strong 


570 





. ; Table V 
JAPANESE AIRCRAFT TORPEDOES 
Engine 


Units Modif. 

mproved 
Type a 8-cyl. 8-cyl. 8-cyl. 
radial radial radial 


-|Cylinder bore 365k 


Table VI 
JAPANESE AIRCRAFT TORPEDOES 
Combustion Chamber 


. Units Modif, Type & 
otronE 


Air to fuel 10-12,.5 10-12.5 10-12,5 
ratio 

Air consump- lbs/sec 0.485 
tion 

Water to fuel 365 
ratio 





Table VII 
JAPANESE AIRCRAFT TORPEDOES 
Shell Thickness 


[—~SModif. 3S si“(‘séL:«éCSP ye 
oyancy chamber | milli- | top - 2 
meters pottom - 3 3.0 3.0 
3.0 


Bngineroom millie | top - 2 
meters .| bottom - 3 


Bu | 
Afterbody milli- | top - 2 | front-3,5| front-3.5 
meters pottom - 3 | rear-3.0 rear-3,.0 
Tail cone milli- 
meters 265 265 


fable VIII 
JAPANESE AIRCRAFT TORPEDOES 
: Depth Gear 


Units Modif. 3_ Type 4 


sal 


Eff. area of sq. 
rect,_| 65-65 | 6.5065 | 65-65 


Table IX 
JAPANESE AIRCRAFT TORPEDOES 
_ Propellers 


Units Modif. Type & 


orp | | 2 | @ [2 | 
No. of blades 
each prop. 4 4 4 
Diam. of forw'd 
prop. inches 15 15 15 
of after , 
inches 13.5 13.5 13.5 
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Table X 
JAPANESE AIRCRAFT TORPEDOES 
Passing Conditions 


Modif. 


improved 
range range 


pressure air tightly seals the bulkhead against the air vessel flange. The 
forward bulkhead may be removed in a similar manner to bulkheads in U.S. 
torpedoes by rotating and withdrawing through two slots. 


Air vessels on torpedoes prior to the Lype 91, Modification 3 (Strong) were 
fitted with drain plugs, but the later models had none as Only dry air was 
used. Silica-gel was used to remove the moisture from the air before charging. 


A heavy mineral oil was originally used to preserve the internal ground sur- 
face of air vessels, but later a "liquid grease" was adopted. This "liquid 
grease" was developed at the First Naval Fuel Depot at OFUNA. 


The main air pipe is made of standard A.R. copper and fits into the center of 
the after bulkhead with a knife-edge joint. No difficulties were experienced 
with air vessel leaks. 


The thickness of air vessels varied from 6.1mm to 7mm (0.240 to 0.276 in), 
“and the design safety factor from 1.89 to 1.93. * 


In order to strengthen further the torpedo and still maintain the-same total 
weight, the thickness of the air vessel was decreased in the Type 91, Modir- 
ication 3 (Strong). 


Air vessels were manufactured at different factories, and three main types of 
steel were used consistently. The compositions of and specifications for the 
three types of steel are given in Tables XII and XIII. 
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fable XIi 
COMPOSITION (%) OF STEEL FOR AIR Viss2Ls 


Steel Type No. 
V7 ; 0.25 |0.25 | 0.8 
SK 0.35 11.0 
v9 


Table XIII 
MINIMUM SPECIFICATIONS FOR ST#KL FOR AIR ViiSSELS 


blastic Limit 
(psi) 


157,000 142,200 
157,000 1425200 
157,000 142,200 


In hydraulic bursting tests, air vessels withstood approximately six times the 
normal working pressure before failing. 


_A bayonet joint ring secures the head to the air vessel, the midship section 
to the afterbody, and the after body*to the tail. Geared racks, which have 
to be turned by special tools, rotate the rings to lock or unlock the bayonet 
joint. The midship section is Screwedto the air vessel and sweated. 


Cc. Midship Section 


The midship section is divided into: two Sections, separateu by a bulkhead. 

The forward part is a watertight buoyancy chamber, 29" lone, and the after 
part allows admittance of sea water. The buoyancy chanber contains two water 
_bettles, a fuel bottle, depth mechanism, a relief valve, and stop and charging 
valves. The after section contains a depth-keeping Servomotor, controlling _ 
gear, starting valve, combined non-return valve, and also forms a housing for 
the engine when the afterbody is goupled to the Miuship section. 


DC Afterbody 


The afterbody contains a relief valve, a lubricating oil bottle, two dise 
reducers, gyroscope and Steering engine for operating the vertical ruducrs, 
and gyroscope and two steering engines for operating the anti-roll rudders, 
Fitted on the forward bulkhead, but outside the buoyancy chamber, are the 
engine, main reducer and combustion chamber. 


E. Tail 


The tail is a conical steal forging fitted with vertical and horizontal fins 
and rudders. The tail body, which is a water-tight compartment, is filled 
with oil to provide lubrication to the gearing. 


F. High Pressure Air System 


High Pressure air passes from the air vessel past the Open Stop valve, to the 
s*srting valves. There are two Starting valves. The small valve is Opened dF 
meu.* of a cam on the end of a section of a geared wheel. When the torpedo is 
secured to the aircraft, this section of gear wheel is meshed in a rack fixed 
to the aircraft. When the torpedo is released, the gear wheel is revolved and 
the cam is forced against a lever which opens the small valve, High Pressure 

air then passes to the two Syros which are started and uncocked by this air 
blast. The large valve is opened by means of a water flap, which doas not 

operate until the torpedo strikes the water, High Pressure air is admitted 
past this valve, to the main reducer and from there to the combustion cham: 
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Stage plunger type in which high pressure air is 
» and further reduced in the Second. stage. wo 
les form part of the reducer casting, each Stage heing lubricated 
by its own 041 bottle. f ‘ Oo the top of the first 
bottle, 66. Réduced pressure air, 
out of the second bottle iato 


Ez. Reduced Air System 


Air from the low pressure side of the main reducer is led past a oombined 
non-return yalve to the water and fuel bottles, forcing these liquids out 
under pressure, past a Strainer and non-return valve, to the combustion shan- 
ber. A branch pipe leading from the top of the combined non-return valve 
admits reduced air to the depth-keeping Servomotor. Another Pipe from the iow 
pressure side of the main reducer leads past a non-return valve 

the lubricating oil bottle, forcing the o11 out to the oil distributor. 4 
continuation of the blast high pressure air pipe to the Steering gyro, is led 
to a dise reducer. The reduced air from this disc reducer impinges on the 
_&yro wheel, thus maintaining the wheel Speed. A separate Pipe allows high 
pressure air to reach the disc reducer of the anti-roll gyro, 


I. Combustion Chamber | 
Se VMS 


The combustion chambers in torpedoes up to and including the Type 91, Modifi- 
cation 3, were made of 18-8 stainless steel, but changed to.ordinary mild 
steel in all the later types. 


The chamber head was originally a phosphor-bronze casting and later Changed 
to 13% chromium Steel. The chamber head is Screwed and soldered to the main 
flask, and no difficulties have been experienced with this joint. The pipes 
leading from the chamber to the engine are always made of the same material as 
the chamber, and connected to it by a knife-edge joint with a copper gasket. 


Steel used in“combustion chambers must have a carbon content less than 0.15% 
to eliminate cracking. 


The flame temperature within the chamber was never measured, but the wall 
temperature does not exceed 100°C during combustion. The temperature of the 
gases entering the engine inlet valves ranges from 500-6009¢ , 


The main air Supply enters the top of the chamber head, with 60% entering the 
chamber through a steel baffle plate, and 40% passing through the ruel sprayer. 


Water enters the chamber through a Series of small holes outside the steel 
baffle plate, 


ign to that of the Whitehead torpedo, with 
ng thru the center of the sprayer and discharging radially from 
Seven small holes. Above the Sprayer is a rated nozzle with a 100 mesh 
Strainer on top of it. Air enters the Space between the fuel nozzle body and 
the fuel Sprayer, and is discharged into the chamber from just behind the 
spray holes. 


The rating figures for the conibustion chaniber, usin,: water with a feed pres- 
sure of 1 kg/emé (14.22 psi) for 126 Seconds, are as shown in “able wiv. 








fable XIV 
RATING FIGURES FOR THE COMBUSTION CHAMBER 


| | type. 91, wedi? 3 Type Gi, Modit. 3 
(Improvea) ng) 
1 


z 9.9 pints 1 pints 10.1 pints 
Tusk 3.8 pints 8 pints 3.8 pints 


0. 
3. 
Hain Air Passage 142.0 pints 1 es pints 139.0 pints 


LAir For fuel Spray ___38.2 pints 38.5 pints | 36.8 pinta 





fino Yenitoars are fitted in the head of the chamber, and are fired by two 
opring. hammers released by ths revolution of a cam shaft, through an adjust- 
able ignition delay. The cam shaft is drivan by the gearing on the forward 
engine cover. 


ade Range and Speed Adjustments 


There is no speed adjustment on the combustion chamber, or on the reducer, 
and, therefore, the torpedo had a single speed. 





The range gear wheel is graduated from 0 to 5000 meters, and is driven by 
gearing from the engine. As the engine runs, a disc clutch revolves until a 
oe stop pin moves into a hole in the clutch. This stop pin is secured to a lever 
oe in ‘contact with the large starting valve, and when the stop pin enters the 

ae hole in the clutch the large starting valve closes and stops the engine. 


K. Engine 


1. Combustion Manifold: Hach outlet from the generator supplies four 
cylinderg through pipes having 25mm (.985") inside diameter. Each pipe 
1 bifurcates twice, supplying one pair of forward and one p&ir of rear 
enn . cylinders. The pipes are of welded construction and are bolted to the 
om generator and heads. Much trouble has been experienced with joints due 
to expansion from heat. The excessive length of the piping results in 
undue heat losses and explains why so low a water to fuel ratio as 3.5 

" can be used without damage to the engine. 








Re Cylinder Heads: These are phosphor-bronze castings with the thread 
for the union nut cut in the casting. The head is screwed onto the top 
of the detachable steel liner. Considerable difficulty has been experi- 
enced with pipe connections, due to the necessity for screwing the heads 
up to a line. A plug is screwed into the center of the head;.the hole 
being required to obtain the timing. 


The valve cap joint is made with a fibre washer. 
The valve seats are detachable and are screwed into the valve chest. 


= Integral with the seats are the valve guides, both being of phospnor- 
bronze. The joint at the bottom is knife edged, and the thread makes the 
joint at the top. The seat is not locked in place. This arrangement is 
poor, because it is impossible to keep the joints tight due to the 

ae unequal expansion. There are four ports, 9mm (.355") wide and lémm 

bane (.630") long. 





3. Valves: The valve is of the standard poppet design, except that a 
flat seat Ts used instead of the normal conical one. In the head of the 
valve is a square recess and a threaded hole for extraction purposes. 


The valve stem has four oil grooves. 
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The valve springs are of bronze and are totally enclosed; they are 


retained in place by a spring cap positioned by a square on tne rear 
end of the stem. ss 


* The leading particulars are: 


Diameter of head VAlVe we cccce cues cee ccccccces 40mm (1.58')} 
Lift ei ee ee a onm (0.236") 


4. Cylinder Liners: These are detachable, and are of steel, having a 
machined ange two-thirds from the botton. They are bolted into the 


body, as well as screwed into the head. The main exhaust ports consist 
of two rows of holes, 








The main details are: 


BODG 6-0:6 se ene 5:06 6i6'4! 010 S0s'6.0'0 Baie sols eee bleh ek 90mm (3.55!) 

TRI CKNOSS 65 shee yisicercis wares as Sb alb eo ohn We wee 3mm (.118") 
Exhaust ports 

ist row - diameter ...cccccccccccccesceccoee SMM (.315") 

number Peo ere erececceaeraveccccsesccsccgess <0 

2nd row = diameter .ecccsscccccccccccsccecce OMM ( .236") 

number COD C Cree rarer esoerereccncescasesece LO 











5 Pistons: The material of the piston is bronze. The piston is of 
the alrcraft type with no skirt, but only thrust pads. They are fitted 


with a single cast iron ring. There are two gudgeon exhaust ports in 
the crown. a 







A bronze shell is inserted in the knuckle end to form the bearing surface. 
Principal data are as follows: 






Diameter oeecoeereesoeeeoeeeeoneresesseocesoens 89. 5mm (3.526") 
CLEATANCE cocscccesccceccceccccescccccccecce o5MM (.0197") 
Exhaust ports 
Width Soe eP Pee R Me OHEH MRED HEE CED EEE Oe oe Ce Dees eee 4mm ( 158") 
LONEZtH sesscccesscnsscnesececeneseccecesecs 35mm (1.387) 
Pigten Ring 
Width be 2 Sum ( .315") 
THICKNESS .ccccccccccccccccccvcnccuacce eeee 2.5mm (.10") 







6. Connecting Rod: This is of H-section steel, having ports in the 
knuckle end to suit those in the piston. The foot of the rod is unlined 
and has o1i1 grooves and holes. 







Length POSTEO HCH CORO E OHO oe EBD EDEO EEO SE OSS OS 46mm (1.81") 
r Width eeeceaesseesnseernreencvresresrseceoceseseson 21mm (0.83) 






7. Crankshaft: The steel crankshaft has double-throw cranks at 180° 
with ho intermediate bearing, and is made in twe parts with the cragk- 
cheek squares on the central web. These are locked in position by grub 
screws. The crank webs are recessed to form the retaining rings, and the 
cams are formed on the balance weights of the external webs. 








The crankshaft is mounted on ball bearings at each end, and has a three 


splined drive for the propeller shaft. The two arenk pin bushings are 
of bronze. 
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The main dimensions are. 


Forward bearing journals 
DiaMOber coesccccccseeeerserssseseserees 5am. (1.77") 
Length soccececccccccccsscsssscrcccre® 21.5mm (0.85") 
Crank pins 
Diameter woocecceccesserssrsrerrrrerre® 35ma (1.379") 
Crank pin bushing . 4 
Internal diameter .--+ssseserserreee’ 35.2mm (1.386") 
External diameter .se-ssceecreseereeces hi .5mm (1.64") 
After bearing journal 
Diameter .scscceccccseceresssrreseerere® 55mm (2.17") 
Length Labware acai hes a salie OS eet ee 25mm (0.99") 


8. Engine Casing: This stell casting, eight-sided, of 3.5mm thickness, 
is only Machined to give joint faces. The cylinaer liners slide in and 
are secured by nuts on the inside. Tappet lever brackets are screwed 
and sweated to it. Front and back covers are polted to its flanged ends. 


9. Front Cover: The front cover is a bronze casting bolted to the 
engine casing by 16 bolts, 4 fibre washer being used to make the joinv. 
At its center is the forward bearing race. An extensicn from the main 
shaft passes through it to drive the water pump, oil distributor and 
upright shaft. . 

10. Rear Cover: This is of steel, and flanged to mount the engine in 
the afterbody. It is bolted to the engine casing in a manner similar to 
the frout cover. It has the housing for the after crankshart ball race, 
which is retained by a ring nut. 


11. Engine Cooling: The external surface of the engine is cooled by 
sea water circulating through the engine room. The internal cooling is 
carried out by a water pump ot the double shutter type. The delivery is 
through a non-return valve, discharging via a passage around the casting, 
through four outlets into. the crankcass. 


12. Engine Lubrication: Oil is supplied at reduced pressure to the two 
point ott distributor. Cne connection feeds oi] to the eight valve 
stems, and the other feeds oil down through the center of the crankshaft 
to the two large end bearings. The lubrication of the pall bearings, 
pistons and knuckle ends is by splash. . 


13. Engine Timing: To time the engine, a bronze timing cover, graduated 
in degrees, is f sted in place of the front cover. A dummy spindle with 
a pointer is inserted in the forward journal. 


Le Depth Mechanism 


The depth gear is fitted in a separate removable watertight compartment in 

the buoyancy chamber. The gear consists of a hydrostatic valve and pendulum 
weight, and functions in a similar manner to depth gears in U.S. torpedoes. 

It also makes use of an air piston servomotor, Similar to the U.S. type, which 
is connected by a rod to the two horizontal rudders. 


An adjustable controlling gear is fitted. to the servomotor, which locks the 
rudders until the engine starts. It is driven py gearing from the engine and 
can be adjusted to lock the rudders in position for different distances. The 
usual procedure was to lock: the rudders in the "up" position for the first 
ten meters: of water travel and free movement for the remainder of the run. 





M. Gyros 


Two separate air-blast, air-sustained type gyros were used in each aircraft. 
torpedo. One gyro controlled the steering and the other controlled the anti- 
roll stabilizers. 


In all Type 91 torpedoes the stabilizer gyro was considered as part of the 
torpedo, and it had no special type number. It was just called the stabilizer 
gyro and was different from the steering gyro. In the Type & torpedo, how- 
ever, both gyros were the same type in order to simplify the manufacture and 
adjustment of the torpedo. : 


Table IV lists the type gyro used with each type of aircraft torpedo. 


The following lists all types and modifications of gyros with the date they 
appeared and the princive? changes made over the preceding type. 


1. Type 91 Modification 1 (1943) 


Be Strength of the supporting frame was increased over that of 
Type 91. 


oe Type 91 (Strong) (1944) 


a. Strength of the horizontal bearings was increased by changing 
x the radius of the pivots from .0118 inches to .0197 inches, 
dD. Diameter of the bottom vertical bearing was increased, 


3. Type & (April 1945) 


Qe Horizontal pivot bearings were replaced with ball bearings for 
increased strength. 

be Different method of mounting to the torpedo was ddopted. 

Cc. Design was simplified for mass production. 

d. This type used for both anti-roll stabilizers and steering 
control in the Type 4 torpedo. 


_N. . Propellers 


The propellers are made of either SK or ee steel, and have a mean pitch of 
i 


one meter. There is a straight line relationship between blade pitch and the 
distance along the radius. A section across the middle of the blade shows 
the driving. surface as a straight line and the forward surface as 4& segment 
of a circle. 


To prevent propeller damage when the torpedo enters the water, a ratchet- 
clutch method of free wheeling was adopted on the Type 91. (see Figure 2) 
This method was satisfactory for launching speeds up th 35U knots. at nigher 
launching speeds, however, the clutch would not disengage due to inertia of 
the parts from the rapid deceleration of the torpedo. 


An improved method of free-wheeling was adopted for the Type 4 torpedo. 
Figures 3 and 4) Centrifugal force of the engine shaft causes smell 

fly out and enzage in a ratchet on the propeller shaft during normal : 
when the RPM of the propeller shaft exceeds that of the engine shaft, ih 
ratchet merely slides over the bails and depresses them, allowing; the pr 
lers to. spin faster during the initial water travel. This design was iii 
regarded by the Japanese. 
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Figure 4 
PARTS OF FREE-WHEELING PROPELLER SYSTEM 
USED IN TYPE 4 AIRGRAFT TORPEDO 


0. Anti-zoll Stabilizers 
ers 


With the exception of Type 91, Modification 1, all Japanese aircrart torpedoes 
are fitted with small, gyro~controlled anti-roJ1 flippers. This method was 
adopted in 1946 on the Type 91. iodification 2 torpedo and has been a6 bermanent 
feature in all the later designs of aircraft torpedoes. 


Before 1940, it was necessary to lower the torpedo’s center of gravity as much 
as possible to minimize rolling. This resulted in partial filling of the war- 
heaas with explosive charge in order to concentrate the weig!:t below the axis 
of the torpedo. The introduction of anti-roll flippers, however, 

plete filling of warheads possible and gave the torpede greater destructive 
capacity. 


The torpedo is kept from rolling during air travel with the aid or wooden 
frames attached to the anti-roll flippers (see Figure 7). ‘If rolling occurs, 
the horizontal rudders, which have "up rudder", act as Steering rudders and 
cause the torpedo to "hook't sharply when it enters the water. The use of 
roll-stablizers eliminated the "hook" and gave the torpedo excellent launching 
characteristics. 


The Japunese claim that the use of roll-stabilizers was one of the most impor- 
tant features in the aircraft torpedo. 


P. Air Stabilization 
a eat ion 
Japanese aircraft torpedoes are stabilized during air travel by means of 


wooden frames attached to the tail and to the anti-roll flippers on the sides 
of the afterbody. These frames break off when the torpedo enters the water, 
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Two types of aerial tail frames were used: 


1. Box~Type Tail Frame (See Figuie 5): This type was similar to the 
wooden stabilizers used on U.S. aircraft torpedoes. It was very large 
and could not be used when the torpedo was carried in the bomb bay of 
aircraft. For this reason, and also pecause of the scarcity or large 
sheets of plywood, the Japanese planned to use only the K-Type tail frame 
in the future. The box-type frame, however, gave better performance and 


was used occassionally on torpedoes which were slung under the fuselage 
of a plane. 


The frame was tilted diagonally and slid over the tail fins then righted 
and slid back until the fins -fitted into the grooves on the frame. Air 
pressure held the frame-firmly against the fins during air travel. 


2. <X-Type Tail Frame (See Figure 6): This type was slightly less 
effective but cheaper and easier to produce. It was held in place by 
small wooden blocks which were bolted on after the frame was placed over 
the tail fins. The main advantage was-in its adaptability to all types 
of torpedo planes. 


There were also two sizes of wooden frames for the anti-roll flippers. 
(See Figure 7) They were wing-shaped and consisted of two half sections 
bolted together around the flippers. The larger size wus used originally, 
but a smaller type was finally adopted because of the restricted openings 
in bomb bays. s 


Figures 8 and 9 are charts for determining the entrance angles and velog- 
ities of aircraft torpedoes with variable launching conditions. 


Figure 10 is a graph of pitching moment in air versus-angle of incidence 
ror various types of Japanese aircraft torpedoes. 


Warheads 


ie General: All warheads for aircraft torpedoes were filled with Type 


97 explosive, which was 60% TINT and 40% Hexyl. 


in 1944 the Japanese started using the Type 3 "Kite" hydroplane warhead 
on aircraft torpedoes as a substitute for an influence-firing exploder. 


. Briefly, it is a remote control method for obtaining detonation under a 


ship's’ hull by towing a small hydroplane above and slightly abaft the 
warhead. As the torpedo passes under a ship the hydroplane strikes, the” 
hull and breaks away thereby releasing the tow line tension and firing 
the exploder. Ail details, with illustrations of th "Kite" head, are 
given in Part VI, Chapter II of U.S. Navy Mine Disposal Handbook dated 
1 November '1944 and published by the Mine Disposal School, U.S. Navy, 
Washington, D.C. 


In 1945 the Type 4 shaped charge warhead appeared on aircraft torpedoes. 
The following summary describes the warhead and the preliminary experi- 
ments made during its development. 


26 Japanese "J" - Warhead (Shaped Charee): In an effort to obtain 
greater penetrating effects against multilayer underwater protection 
systems, the Japanese developed a warhead using the principle called 
"Neuman's Effect". 


The forward end of the bursting charge has a conical cavity which is 
lined with a funnel-shaped, carbon-steel piece having a tensile strength 
of 71,000 psi. (See Figure 12 for the details of construction). When 
the charge is detonated by an ordinary inertial type exploder, the 
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“Figure 90 
ENTRANCE ANGLE AND VELOCITY GUART 
FOR JAPANESE AIRCIAM TURPELOES 
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Figure 10 
GRAPH QF PITCHING MOMENT IN AIR 
VS ANGLE OF INCIDENCE FOR VARIOUS TORPEDOES 
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funnel-shaped piece is colleps:3 into &@ solid ensnicul’ ploeck 
enormous pressure and propelled Vorwerk at an 
ebcut 5000 mesters/sec (16,4UU ft/sec). 


Experiments were made with 1/10 scale motievls atu ins Techn 
Institute in “ONO and with 1/5 ana 1/3 scale moucls in 
size weciel experiments were conducted at HURL. 

Water ugainst models of multi-layer hulls having water 


From the results of experiments, it wes Yound chet 
impact was normal to the ship*s hull, the projectile 
effect. The penetrating power, however, varied wiih 
according to the "sine" rule. 


Tests were conducted using f'ull size warheads against model 

to CCLORADO class battleship hulls. (See NavTechdap iieport 

istics of Cananese Naval Vessels, article 9 -~ Underwater protect 
Index wo. S-C1-9.}) These warheads actually penetrated all comp 2c 
o> a model hull having the upproximate dimensions shown in Fisure li. 


The "V"-head was adopted for service in 1944 on the 
torpedoes, and was designated as the Type 6 warhead, 


It was first used on aircraft torpedoes in larek or 
designated as the “ype 4 warhead. Commancer i. PIKUSA 
Technical arsenal near “OMOnUYA, said that three "V'"-heads wers 
aircraft torpedoes at this vime in actuul combat. Le believed 
veo, destvoyer and a light cruiser were aamuged near LY us 
the only information obtainable on actual service use. | 
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The Type 90, Model 2; Type 90, Model 2 (strong), and the Type 4 were the only 
exploders used in aircraft torpedoes. 


1. Type 90, Model 2 Exploder 
a. General 


(1) Bail, impact type, inertia-firing exploder, fitted trens- 
versely in 4 pocket on top center-line of warhead. 
(2) Used in aircraft torpedoes. 


b. Description 


(1) External: The exploder is cylindrical in shape, 15.7 
inches long, 4.0 inches body diameter, 5.2 inches diameter at 
top flange and 6.7 inches diameter at top cover. aA three- 
bladed impeller protrudes from the top center of the cover and 
carries a spring-loaded bail arched over it. Fitted to the 
bail is a small lug which prevents a rotation of the impeller 
until the bail is depressed, 


(2) Internal: The exploder consists of two main parts as 
follows: 


(a) An upper section 7.8 inches long, which houses: 


(i) Arming assembly composed or: 


(aa) The impeller. 
(bb) A reduction gear systen. 


Firing assembly composed of: 


(aa) An inertia trigger, which is a brass cup 
with an elliptical base, shaped to insure dis- 
placement when subjected to shock. The trigger 
is locked before launching by a cylindrical 
mask, which is lifted when the bail is depressed 
by water travel. 

‘(bb) A spring loaded firing spring assembly, 
centrally located in the lower part of the 
Section and held in the cocked position by two 
lock detents. 


(b) A lower section, housing the detonator, gaine and 
booster. The gaine is held centrally in the booster, and 
the booster is aligned with the upper section by @ 
machined ring. 


ra 


(3) Method of mounting: The exploder is secured in the warhead 
pocket by a series of bayonet joints between lugs on the 
exploder flange and corresponding lugs on the retaining ring, 
‘which is screwed into the exploder pocket. Abaft the pocket is 
a gear articulating with a rack on the retaining ring. Hota- 
tion of this gear within the "Limit-stops" locks or releases 
the pistol in the pocket. 


Operation 


(1) Water travel depresses the bail, lifting the mask f 
the inertia trigger. As the impeller rotates it drives 


TO. 
cu 
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reduction gear system, performing the following arming functions: 


(a) The firing. pin is screwed down to the firing position. 
(bo) The inertia trigger is unlocked. 


(2) Impact displaces the inertia trigger, aligning an escape 
channel for the two locking detents, which are forced outward by 
the firing pin as it moves down into the detonator. 


Type 90 Model 2 (strong) 


This was a mass produced and cheapened Type 90. 


lype 4 
This was a further cheapened and simplified Type 90. 


S. | Exercise Heads : 


Standard water-blowing type exercise’heads were used on 411 aircraft torpedoes. 
The heads could be set to.blow whenever the torpedo velocity dropped below 

a certain speed. This method was used. in exercise heads-foe all Japanese 
torpedoes, and is discussed in detail in NavTechJap Report, "Japanese Torpe- 

does and Tubes, Article 1 - Ship and Kaiten Torpedoes", Index No. 0-0l-1. 


Part IIT 


: ‘ JAPANESE EXPERIMENTAL AIRCRAFT TORPEDOES 
LL NS AN NE TNE A TD, 
A. Type 94, Aircraft Zorpedo 


This was an oxygen torpedo very similar to the Type 95. Its development was 
stopped in 1935 after about two years of experimentation. it .was designed by 
Technical Rear Admiral S. NARUSE of the First Naval Technical Arsenal, but was 
very complicated and the handling of oxygen was troublesome. The Only advan- 
tage in the use of oxygen was for long range, and the Japanese decided that 
long range was not needed in aircraft torpedoes. Therefore, all production 
and research were abandoned. 


Only about 100-120 were made at YOKOSUKA and NAGASAKI Arsenals before produc- 
tion was stopped. : 


The: general particulars for the Type 94 torpedo are as follows: 


Diameter FE nn neo ER OA RE Se Wie oS SS Ree ERE LCS aut I Oh an 
Total length CRESS SEOs S seis Sea sie ewe Waar dw led eas Gate's ete dee eek 208 in 
Total weight 2 eeeecoccoe 1870 lbs 
Displacement Se 86: ROW RES. m5 0 Giese Hin S8le- 6 ig BS WMO OOo oc bec 1210 lbs 
Negative buoyancy Tete e ees ere ce rerescecencsssacescces O00 lbs 
Warhead oan a Sets ees esses esccosceseeee Same AS Type 91, Modif, 1 
Weight of Explosive (Type 97) Boece res cc cece ecececccceeseese 330 lbs 
axploder Coe ete eter cere ocean eecesecessenee TYPE 90 (inertia type) 
Speed 
Range see ewe nee c cen cers scsnsesccee 2200 yards 
"Steere es eeeccecseeeceeroseoees Shorter than Type 91 A.V. 
Water Tete tet ee mee seca cre cece ressevescece USAd A Sea water pump 
seeeccoeceeeeee. Kerosene fed ‘by pressure of the sea water pump 
Reducer CORO P ee Cee ee mew reese se sorereesccsessseees SAMS’ AS Type 91 
Generator SEAS AES Bie Oe REEF Ge'si0 660s es 0's ode ce eie ves Wot heutor type 
MN ETN G» 35's, os. dele eho ce eed se 8-cylinder, radial engine same as Pype 91 
bax. Horsepower .....e ec ccccecese Sib Seco wieasreiie: 6:5 exe Yee, o0 ei 250 
Air to fuel ratio Perc evecccccscccene 2.5-2.8 
Starting seyuence To teceeseeeesoeooceees CAME aS in Type 93 torpedo 
anti-roll stabilizers TCC e eet a cerca eee ce sseneoeccnceceene HONE 
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(Be. ‘Eype. M Torpedo - 


This ‘is a 23. inch aircraft torpedo, ‘and was under development from 1942 to 
94h. - It:was Planned to use the. torpedo with & new, large type of seaplans 
but the design of. the plane was never completed. 


The enly operational differen 
use of a semi-internal combus 
efficiency, experiments were 
small amount of 
(See Figures 14 


was ignited by the hot gases from the combus 
been admitted to the cylinders. ‘The result 
shown in Figure 13. 


No cooling water was used in the torpedo. 


Only three Type M torpedoes were made at the First Naval Technical Arsenal, 
but development did not get beyond the bench test stage. 


The main troubles experienced were: 


Poor ignition of the second fuel. 

Low air efficiency of 180 B.H.P. per 1b of air per second instead 
of the expected 250-275, 

Gas leakage through the valves. 

Difficulties with distributor design. 


Because of these difficulties and the halting of the Seaplane design, all 
Tesearch on the Type M torpedo was abandoned in L944. 


The principle dimensions can be seen in Figure 17 and Table xy. 


Cc. QR Spriralling Torpedo 


The idea was Suggested 
al Argenal near 
of Engineer rk. NOMA, 


The experimental type letters @ and R were assigned during its development. 


Beg Construction (See Figure 18): It was.a Type 91, Modification 2 
aircraft torpedo, with further modifications to make it run in circles 
and descend at the same time. 


The following changes were made to obtain the desired results: 


a. Remove the cover from depth gear, 

b. Blank off the safety. valve in the buoyancy chamber. 

Cc. Run an air pipe from low pressure side or the reducer into the 
buoyancy chamber and install a 1.0mm diameter nozzle in 
the chamber end'of the pipe. 

Set the reducer pressure at. 1] kg/em? (157 psi). 

‘Remove the Steering and. stabilizer 6yTo and blank off both of 

: the gyro air leads. 

Install a 1.0mm diameter nozZle in the Steering sir lead go 
harged into the afterbody,. 
e in the afterbody shell to keep the 
ssure and the sea pressure equa4lized, 
.to operate at a pressure of about 5 psi. 
the vertical rudders to 1.40 inches. 
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PRESSURE (K6./45@.. Cm.) 


SECOND FUEL INJECTED HERE 
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‘Figure 13 
ENGINE DIAGRAM FOR TYPE H. TORPEDO 
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Figure 14 
SECOND FUEL INJECTION SYSTEM 
FOR TYPE M TORPEDU 
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Figure 15 
SECOND FUEL DISTRIBUTOR 
FOR TYPE M TORPEDO 
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Figure 16 
PIPE ARRANGEHENT FOR TYPE 4 TORPEDO- 
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Table XV 
PRINCIPAL ITEMS OF TORPEDO 
Magk M 
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Factor of Air efficiency 
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Material _ Maximum pvrake 
: : horsepower 





i.,2 Fix the vertical rudders at an angle of 10-15 degrees to the 
right. 


2. Cperation: When the torpedo is Launched, air from the reducer is 

ea through the nozzle into the buoyancy chamber, Air pressure grad- 
ually builds up on top of the uncovered diaphragm in the depth gear at 
slightly greater rate than that of the sea pressure. The diaphragm is 
depressed causing slight down rudder and the torpedo starts to descend 
in a spiral path. 


3 Characteristics: Due to the low reducer pressure, the torpedo's 
speed Was reduced to about 26 knots, but the range was increased to 
approximately 4000 yards. The diameter of the spiral was about 300 
yards with an initial pitch of 20 yards, increasing to about 35 yards 
maximum depth. The maximum depth for the torpedo was about 320 feet. 


he Manufacture and Use: At the beginning of 1945, ten QR torpedoes 
were made at the First Naval Air Technical Arsenal and about forty at 
the Nagasaki Arsenal. Scarcity of materials halted production. 


“The Japanese considered the GR torpedo a success as far as technical 
aspects were concerned, but not enough were made for effective opera- 
tional use. 


Some torpedoes were issued to the service but no information was obtain- 
able on the results of service use. 


D. Model 4 Aerial Torpedo: 


This ig a bomb-torpedo having no propulsion. Its movement through the water 
depends only on the momentum imparted to it when launched from an airplane. 


. i. Construction: The torpedo consists. of the head and the afterbody. 
The afterbody has two anti-roll ‘stabilizers similar to those used on the 
Type 91 aircraft torpedoes, as well-as vertical and horizontal fins. 

The roll stabilizers and vertical rudders are controlled by two separate 
gyros and servomotors. The.air supply comes from a small flask inside 
the afterbody. .The horizontal fin is set at zero degrees, but a small 
steel triangular box is attached to the top of the fin so that it forms 
an angle of 30 degrees with the horizontal, and has a height of 100mm 
(3.49 in) at the trailing edge. 


2. Principal Dimensions: 


Diameter coecccncscccsccvssevesarecesecresesessessesene 

Total Length cecccevccccencvccccssecnscccccessesesssssence 116.7 in 
Length of head ..ccccccoecc cece cscs ere enerescencerenseeees 61.5 in 
Length of afterDody cseeeseesccccecccceccses ; «- 55.2 in 
Total Weight ceccececcccesesevesnscsesevessssssees - 1100 tbs 
Weight of explosive{Type 98) csecesssececccecesescersseeres 990 lbs 
PULL BTOUNd cecccccccccccccvnsescccscceeseeseeeesssescsesese Le lbs 
Thickness of head Shell seesecsccescevevscssscscsseccecees 0.157 in 
Thickness of afterbody Shell ...ccescecccccceesecessessces 0.130 in 
Thickness of vertical and horizontal PING: Gawd ceiewess wees, OckS? In 


3. Detonator: Two detonators are used in this torpedo. A bomb-type 
fuze Is set in the nose, which functions in the case of a direct hit but 
not upon entering the water. An ordinary Type 90, Model 2 inertia pistol 
is installed in the middle of the head. 


Lee Characteristics: The torpedo was developed for use against surface 
shipping. When launched from aplane with an air speed of 200-300 knots, 
an altitude of 900-1500 feet and a diving angle of 20-30 degrees, the 
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depth of the dive does not exceed 35 feet. ven after a water travel of 
300 feet, the velocity is still more than 20 knots. 


5. Progress Summary: Between February and October 1943 about forty 
firing tests were mate using Type 97 carrier based planes and TENZANS 
(JILL 11). 


Ae About twenty-five launchings were made under the following 
conditions: 


ALGI the: sib sasecedieedcsoavenwe S008 300cPeet 
Air Speed <.cccccccncsecceassacsese 200-280 knots 
Diving angle ...coccccccccccacccesese 20 dexrees 


The results were poor. Oniy one-third made good runs at a depth 
less than thirty feet. One-third made very erratic runs and the 
rest went down to great depths. The following reasons were given 
for the poor performance: 


(1) Poor stability due to small L/D ratio of 6.6. 
(2) Inadequate strength of fins. 
(3) Variations in launching conditions. 


be About fifteen level launchings were made at altitudes of 300- 
200 feet and air speeds of 150-240 knots. Results were compara- 
tively good, with two-thirds.making satisfactory runs. The rest 
ran deep and erratic. 


As & result of these tests the Japanese did not consider the torpedo 
practical enough for service use. 


E. Model 6 Anti-Submarine Circling Torpedo 


With the exception of a steel nose section to withstand the force of impact, 
and two small wing braces, the entire torpedo was constructed of wood. It 
consists of three sections; the head, fuselage, and tail section. Wooden 
wings.run the whole length of the fuselage with a dihedral of 20 degrees. 

The fuselage was made of laminated wooden sheets and had a total thickness of 
15mm (0.59 inches). The wings and rudder were glued to the fuselage and tail 
section. The rudder was fixed at an angle of eight degrees causing the tor- 
pedo to make circles of about 260 feet in diameter. It had no propulsion, 
and a specific weight of 1.4 which made the torpedo sink in a spiral path 
having a pitch of about 200 feet. 


To prevent the eight degree rudder displacement from affecting the air flight, 
a wooden fairing was fitted over the rudder. It was held in place by a gmsil 
aluminum pin which sheared when the torpedo entered the water, 


It was planned to use a magnetic proximity fuze, but the development never 
reached that stage. 


1. Principal Dimensions 


Total length COP Oe Cone reee esos ereraseescascceesscccersesee 116.7 in 
Diameter i a re 11.8 in 
Total weight I 595 lbs 
Wing spread Coote es cron eae secewsecesnccescrecscessescesscecse 30 if 
Weight of explosive (Type 98) Poets ona eee sce snvececcsecsce 220 LbB 
Wing area Pees e cer aeocrerevcrrevervovcscecscecces 

Wing load Coe no essen soe seesnesosscevsesoecverence 

Thickness of vertical and horizontal fins eal besa, ererenare 
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Figure 19 
MODEL 6 ANTI-SUBMARINE AERIAL TORPEDO BOB 


Figure 20 
WODEL 7 AERIAL TORPEDO BOMB 
WHITH WOODEN WINGS REMOVED 
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about LD launchings were made fron 
knots and a diving angle or 15-20 
haracteristics were poor and Polling 


Testa were also made on water entry characteristios of the torpedo. on 
impact the Wings were Severely damaged and Sometimes torn orf. In cases 
where the wings stayed on, the torpedo porpoised severely, 


No further experinents were made efter 1941. 


F, Model, 7 Aerial Torpedo 


The Model 7 was an 

but having a Steel 
length of the 

angle of 15 degrees. 
mate angle of 20 degrees, 
degrees and a 30 degre 
fin. . 


l. Principal Dimensicns 


Total length 
Diameter eere 

Wing spread 

Total weight 

Thickness 

Explosive 

Wing area 

Wing load ee ne eee m ee ee nec recace 
Thickness of vertical and horizontal fins i ae Ce err eee Po) ey 


Ro Pest Results: Underwater travel tests were not made, but it was 
expected to describe a Spiral path Similar to the Model 6 aerial torpedo 
bomb and with approximately the same velocity. 


It was definitely decided that anti-roll stabilizers 8hould be in 
but no further tests were made with the Model 7 aerial torpedo. 


G, Model 8 Aerial Torpedo 
aL LL orpedo 


After many efforts to Obtain a Successful bomb torpedo, the Model 8 finally 
achieved some degree of success Just before the end of the war, 


It was Similar to the Model & in design and operation, and differed rrom it 
only in the following points: 


The L/D ratio was 
in Stability. 
The thickness of 


tO withstand 

_ the impact of 

The ‘height of the 30 degree angle box fixed to the top of the hori- 
zontal fin was changed from 100mm (0.394 in) to 70mm (0,275 fn}. 





1. Princival Dimensions 
aa Yimensions 


. Diameter SE MOP e SSeS SNF xs pee Wale walge Sek eee nee ead tet in 
Total length SOS SIG O18 SHAS O 418 689 6 Ba caie 6 W606 4is,/5.0 "8: ¥. 6.610780: 0b oel6 ee 130.0 in 
Length of head Ber ne RSP ae ® RATER ediane S MRR bes wae aie 0049-1 a 
Length of afterbody TOC Ree ett teeta eee ears eeeeneeeccssee OOF“7 in 
Total weight poet Oe etre en eee score nee ecesewcocsccsecese LIOO Lbs 
Weight of explosive CT ee eee eee eer ec es ercesesccccersecese 352 1bS 
Pull around SAE te et ORT SEE Be ie ieee VEC eekewes bok. Lbs 
Thickness of head shell ea © Ty ol 
Thickness ot afterbédy shell Cette esate ene rec cecceneceeee O1150 in 
Thickness of vertical and horizontal tins ee senescceceese O.157 in 


2. Detonator: Same as in Model 4 aerial torpedo bomb. 


3. Test Hesults: In July 1945 six launching tests were made from a 
plane With air speeds of 200-250 knots, altitudes of 60-350 feet, and 
angles of 0-15 degrees, 


The results were good arid all torpedoes stayed within a depth of 35 feet, 
and had a minimum velocity of 25 knots after 230 feet of water travel. 
No further experiments were made before the war ended a Trew weeks later. 


H. Rocket and Jet Torpedoes 


In 1941 the Japanese experimented with jet-propelled aircraft torpedoes. The 
engine was removed from a Type 91, Modification 3 torpedo and the gases from 
the combustion chamber were ejected through a nozzle in the Kerosene 
was used as fuel, 

does. j ype 1 torpedo and only four of them were made 

mental purposes, It had a maximum range of 320 yards with a speed of 30 knots, 
Difficulties were found with unsteady combustion and poor depth control. <All 
experiments were discontinued after three months. 


In 1944, efforts were made to develop 4 rocket torpedo using tetra-nitromethane 
and methyl alcohol for fuel. Laboratory tests were made on tue com 

this fuel and it was fou igni i eh heat 
to start combustion. : sniting kerosene in the chamber 
first, and then injecting other fuels afterwards. It was designated as a KR 
torpedo, but all experiments were unsuccessful and were abandoned a few months 


later. 
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cesnecmans iia 
ENCLOSURE (A) 


PRODUCTION AND COST FIGURES 
FOR 
JAPANESE AIRCRAFT TORPEDOES AND MINES 


EMPLOYMENT IN ORDNANCE PLANTS 








Size of Plant | Number of Plants| Total Workers] Total Hours Worked | Tot da 
5,400,000 5,400, ; 


Aircraft Torpedo | 1941 | Over 1000 workers | 1 (Nagasaki) 1800 





100-1000 workers | 1 (Yokosuka) 1,200,000 1, 200,000 
1 nes a 1 


} 





Under 100 workers 


Over 1000 workers | 1 (Nagasaki) | 13,800,006 13,800,000 


[ 200-2000 workers {| 1 (Yokosuka) 400 1,200,000 1,200,006 | 
— t 
Under 100 workers 





— 


1943 | Over 1000 workers | 2 oe & 6900 20,700,000 20,700, 000 
Hikari 


a 
100-1000 workers | 4 (¥, Kure, 2150 6,450,000 6,450,000 
oe & j i 


1 
i RS 5 
Under 100 workers 








1944 | Over 1000 workers 25000 | 75,000,000 


Kawatana, & 
Hikari) 

100-1000 workers 

‘Over 1000 workers | 2 (Nagasaki & 54,600,000 54,600,000 
Kawatane) 


Aircraft Mine 100-1000 workers 2,350,000 | 2,380,000 
Type 3, No. I 
1 





| 2944 | 100-1000 workers 7,920,000 | 7,920,000 
1945 | 100-1000 workers 800,C00 30c¢, 000 | 


Aircraft Mine 100-1000 workers 560 420,000 £20,000 


1 
Smee ——Ee 7 
1944 | 100-1000 workers 860 2,580,000 2,580,000 
1945 | 100-1000 workers 560 560,000 560,000 | 
Aircraft Mine 1944 | 100-1000 workers | 2 700 1,225,000 1,225,000 
Type 3, Nc, TiI ; i 














REQUISITE TIME FROM RAW MATERIALS TO COMPLETE ORDNANCE 


Type 91 dio:6:6W.9:0.66:6.6 6 0:6'o.0 666.0 were so 08 8 e6.0'ere 6 Bes O46 de Neve eee. e eee 5000 hours 
Type 3y No. I COCCOHHCHEEEEHOHHHOO ETOH EET OH COE HEEL EEE SEEN EOE 1200 hours 
Type 3, No, IT Cer ecc cree eves cosersscscecccceccocsceesccseseces DOO hours 


Type 3, Now TIT cosvcccevcencccccevccserscescccseccessscseesess 2500 hours 
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ENCLOSURE (A), continued 


PLANS FOR DISPERSTON 
Annual Data 1944 — 19,5 


| Plan of Dispersion Execution of Dispersion 


eo es] 
Division Capacity Division Capacity “Capacity 
Aircraft Torpedo Overground Overground 


20 140 
Underground 
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ORDNANCE PRODUCTION PLANS 
_ Atmual Data 1931 ~ 10,0 
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ENCLOSURE (A), continued 


ORDNANCE PRODUCTION 
“Annual Data 1931 ~ 1945 
: (Yen Valuexy . 





A,T. Type 4 


Ce 
Ce 
is tm 352 [PP 


AM. Type 3, No 3 





ORDNANCE PRODUCTION 
Annual Data 1931 = 1945 
(Number of Units) 


1935 | 1936 1936 1938 | 1939 | 1940 1942 | 1943 } 1924 | 1945 7° 


A.T, Type 91, Mod IT = 
A.T. Type 91, Mod IIT 


AT, Type 4 : 


A.T. Type 94, Mod I 
—[A.t. Type 94, Moa Ir | 


A.M. Type 3, No I 


[a.M, Type 3, No IT 


A.M. Type 3, No III 
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ENCLOSURE (Aj,. continued 
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941 = 1915 


e%*) 


S 
ARs 
gd 
Bw. s 
p 


: 
J 
§ 


| lel Ig 
| lal tel | 


417. 
5a [aa 
aan 


*#Units 1000 yen, 


TH6T | SN6T e76T 


A.T. Type 91 Mod, IT 
AeT. Type 91 Mod. ITI 
AeT. Type 91 Med. IIT 
A.T. Type 9L Mod. tit | 
AT. Type 91 Mod, ITI 
A.T. Type 91 Mod. III 


AM. Type 3 No. II 
AM. Type 3 No. IIT 


AM, Type 3 No, I 


z 





ENCEGSURE (A), continued 


(Number of Units) . 
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Monthly Bata 1941 = 1945 
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ENCLOSURE (A), continued 
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1945 
L944 
1945 


A.M. Type 3 No. II | 1945 


A.M, Type 3 No. II | 1944 
A.M. Type 3 No. II 


A.M. Type 3 No. I 
A.M, Type 3 No. I 
A.M, Type 3 No. II 
A.M. Type 3 No. IL 
A.M. Type 3 No. II 
A.M. Type 3 No. II 
A.M. Type 3 No. II 


Osaka Machinery! A.M. Type 3 No. I 
ugal Machin- 
ry Co. 
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Co. 
Morita Pump Co. 


Ishikawa Mfg. : 
Isomura 
Products 
Saito Centri- 
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